Arcanobacterium pyogenes is commonly isolated from ruminant animals as an opportunistic pathogen that co-infects with other bacteria, normally causing surface or internal abscesses. Twenty-eight strains of A. pyogenes isolated from forest musk deer suppurative samples were identified by their 16S rRNA gene sequences, and confirmed by amplification of the pyolysinencoding gene (plo) in all isolates. The MICs of 14 commonly used antibiotics were determined by an agar dilution method. Class 1 and 2 intI genes were amplified to determine whether integrons were present in the A. pyogenes genome. Class 1 gene cassettes were detected by specific primers and analysed by sequencing. All of the strains were susceptible to most fluoroquinolone antibiotics; however, high resistance rates were observed for b-lactams and trimethoprim. A total of 18 of the isolates (64.3 %) were positive for the class 1 intI gene, and 16 (57.1 %) contained class 1 gene cassettes with the aacC, aadA1, aadA2, blaP1 and dfr2a genes. Most were present in the multi-resistant isolates, indicating a general concordance between the presence of gene cassettes and antibiotic resistance, and that the integrons have played an important role in the dissemination of antimicrobial resistance in this species.
INTRODUCTION
Forest musk deer (Moschus berezovskii) are solitary ruminants encountered mainly in South-West China. The musk secreted by the deer is a traditional and precious Chinese medicine, and is also used in the manufacture of perfumes. As a result of the decreasing population size, all forest musk deer species were categorized as first-class key species of wildlife protected by Chinese legislation in 2002 (Chen et al., 2007; Guha et al., 2007; Guan et al., 2009) . Artificial breeding of forest musk deer started in the 1950s, and diseases were the most significant restriction factor preventing a population increase (Lu et al., 2009) . In Miyaluo Farm (Sichuan Province, China), every eight to ten forest musk deer are fed in one fold of about 200 m 2 due to the timid and leaping character of these animals, which means that they easily hurt themselves. Dyspepsia, pneumonia, metritis, urinary stones and abscesses are common diseases of forest musk deer here, and abscesses in particular have cause hundreds of deaths. Antibiotics have been used here for over 15 years, but due to the previous negligent management where drug abuse was prevalent and the dose was always on the high side, resistance has developed, meaning that many of the drugs have become useless against some of the pathogenic infections.
Arcanobacterium pyogenes is considered an important opportunistic pathogen of the upper respiratory tract and in puerperal uterine infections of cattle, sheep, swine, birds, humans and many other species (Nattermann & Horsch, 1977; Queen et al., 1994; Narayanan et al., 1998; Silva et al., 2008) . It was recently reclassified from the genus Actinomyces on the basis of the rRNA gene sequence (Pascual Ramos et al., 1997) . The organisms enter the blood stream and interact with other bacteria, causing suppurative lesions and abscesses in various organs and tissues (Lechtenberg et al., 1988; Haritani et al., 1990) . The haemolytic exotoxin pyolysin is an extracellular toxin expressed by A. pyogenes (Jost et al., 1999) . All integrons include a gene encoding an integrase (intI) and an adjacent recombination site (attI). Plasmids and transposons carrying integrons increase the transfer of antibiotic-resistance genes between bacteria (Liebert et al., 1999; Rosser & Young, 1999; Boyd et al., 2002; Trinh et al., 2002) . The mobility of gene cassettes is mediated by the intI gene, which encodes the protein IntI belonging to the family of integrases (Fluit & Schmitz, 1999) . Therefore, intI is a marker for the appearance of an integron (Liu et al., 2009) . Gene cassettes are not necessary to the integron, but once integrated they become part of it and are transferred with it and may be expressed (Fluit & Schmitz, 1999) . Generally speaking, there is a correlation between bacterial antibiotic resistance and the presence of integrons (Rowe-Magnus et al., 2002) . In this study, A. pyogenes was isolated from forest musk deer abscesses, and investigated to demonstrate the prevalence and characteristics of gene cassettes in these organisms, relating the results to the phenotypic expression of resistance. To the best of our knowledge, A. pyogenes has not been isolated previously from forest musk deer.
METHODS
Collection of bacterial strains. A total of 28 suppurative samples were collected from 28 sick or dead forest musk deer necks, livers, lungs, musk pods and faces with suppurative infections (Table 1) from Miyaluo Farm (Sichuan Province, China) during 2009-2010. Pus colour from the different sample types varied. The colour of samples collected from dead forest musk deer was deep green to grey, whilst that of samples collected from live but sick individuals was greyish green or ivory. Samples were removed with single-use sterile syringes and stored temporarily at 220 uC before being cultured.
Isolation and identification of bacteria. Samples were diluted in sterile 0.9 % saline and cultured on blood agar medium at 37 uC for 48 h. Putative A. pyogenes isolates were cultivated on blood agar medium at 38 uC with 5 % CO 2 for 48 h . Pure cultures of isolates were prepared and genomic DNA was extracted using a MiniBEST bacterial genomic DNA extraction kit, version 2.0 (TaKaRa). The 16S rRNA gene was amplified using a pair of universal primers with M13 forward and reverse sequences ( Table 2) for 35 cycles consisting of denaturation at 94 uC for 45 s, annealing at 49 uC for 1 min and amplification at 72 uC for 1 min, followed by a final extension step of 72 uC for 10 min. PCR amplicons were detected by (0.5 mg ml 21 ) ethidium bromide staining after electrophoresis on 1.0 % agarose gels. Sequencing reactions were carried out using an ABI 3730 automated sequencer (Applied Biosystems). Database searches were performed against sequences in GenBank, using the BLASTN algorithm (http://blast.ncbi.nlm.nih.gov/Blast.cgi). The pyolysin-encoding gene (plo) was amplified using specific primers (Table 2) for 30 cycles consisting of 45 s at 94 uC, 45 s at 55 uC and 1 min at 72 uC, with a final extension step of 72 uC for 10 min. The amplified PCR products were sequenced and analysed as described above. Detection of the intI gene and gene cassettes. The general strategies used for PCR detection of integrons followed the methods described by Hall & Collis (1995) and Bass et al. (1999) . Gene cassettes inserted within the integron variable regions were identified by direct nucleotide sequencing. First, the class 1 and 2 intI genes were amplified using specific primers (Table 2) to determine the presence of the integrons. The class 1 gene cassette region was amplified in the strains that were positive for class 1 intI using primers specific for the 59-and 39-conserved segments ( Table 2 ). The amplicons were purified with an E.Z.N.A. gel extraction kit (Omega Bio-Tek), sequenced and analysed using DNASTAR software (DNASTAR) and BLAST.
RESULTS

Isolation and identification of A. pyogenes
A. pyogenes was isolated from all 28 suppurative samples. The organisms were Gram-positive and were seen to be small curved rods by microscopy examination. In samples obtained from sick forest musk deer, only A. pyogenes was detected, but in samples from musk pods and lungs from dead forest musk deer, there were also other bacterial species such as Pseudomonas aeruginosa (6/28), E. coli (2/28), Bacillus cereus (4/28) and other bacteria with low isolation rates. A product of 270 bp was amplified from all 28 presumptive A. pyogenes strains using plo-specific primers and sequenced, and the sequences were in complete accordance with the plo gene of A. pyogenes type strain ATCC 19411.
Antibiotic-resistance patterns
As shown in Table 3 , the majority of A. pyogenes isolates were highly susceptible to the fluoroquinolone antibiotics norfloxacin, enrofloxacin, levofloxacin and ciprofloxacin used in this study. High resistance rates were observed in cefazolin (57.1 %), cefotaxime (60.7 %) and trimethoprim (46.4 %). Some strains were resistant to the aminoglycoside antibiotics streptomycin (21.4 %), apramycin (17.9 %), gentamicin (17.9 %), kanamycin (25.0 %) and amikacin (25.0 %). The overall resistance rates of aminoglycoside and b-lactam antibiotic agents were 60.7 and 67.9 %, respectively. In addition, resistance to lincomycin was 32.1 % and to azithromycin was 28.6 %.
Detection and characterization of gene cassettes
The class 1 intI gene was detected in 64.3 % (18/28) of A. pyogenes isolates. Class 1 integrons with 0.9, 1.5 and 2.1 kb variable regions, including genes that encode aminoglycoside resistance (aacC, aadA1 and aadA2), blactam resistance (blaP1), trimethoprim resistance (dfr2a) and orfE of unknown function, were detected in 16 isolates (examples shown in Fig. 1 ). The detection rates of these genes were 3.6 % (aacC), 32.1 % (aadA1), 21.4 % (aadA2), 28.6 % (blaP1), 21.4 % (dfr2a) and 28.6 % (orfE). The overall rate of detection of aminoglycoside-resistance determinants was 57.1 %. The combinations of gene cassettes found are shown in Table 4 . The class 2 intI gene was not found in this study.
DISCUSSION
To date, the research regarding A. pyogenes has been concentrated mainly on cattle and pigs, and on isolate differences between species (Nattermann & Horsch, 1977; Queen et al., 1994; Narayanan et al., 1998) . Bonnett et al. (1991) found that the co-infection of A. pyogenes with Gram-negative and anaerobic bacteria could increase uterine lesions. In bovine hepatic abscesses, Fusobacterium necrophorum, an anaerobic bacterium, is the primary aetiological agent and co-infects mainly with A. pyogenes, leading to host death (Scanlan & Hathcock, 1983; Roeder et al., 1989; Cohen et al., 1996; Tan et al., 1996) . Because forest musk deer are protected by Chinese legislation, experiments on live animals were not possible. An anaerobic environment could not be created due to restrictions at Miyaluo Farm, so anaerobic culture was not included in the original experimental design; this will be investigated in future studies. To our knowledge, this is the first time that A. pyogenes has been found in forest musk deer abscess disease, and this finding extends the known pathogenic range of this organism.
Bacterial resistance has become a worldwide problem as a result of the abuse of antibiotic drugs and the transfer of resistance genes between bacteria (Stokes & Hall, 1989; Recchia & Hall, 1995; Rowe-Magnus et al., 2002) . Initially, Table 2 ). Lanes: 1, 1.5 kb amplicon; 2, 5 and 6 , 2.1 kb amplicon; 3 and 4 , 0.9 kb amplicon; M, DL2000 DNA marker (bp) (TaKaRa).
researchers thought the occurrence rate of gene cassettes and integrons in Gram-negative bacteria was higher than in Gram-positive bacteria (Bissonnette & Roy, 1992; Fluit & Schmitz, 1999) ; however, Nandi et al. (2004) found that resistance genes present in several genera of Gram-positive bacteria also had high detection rates. This discovery has led to a re-examination of prior assumptions about the persistence and spread of antibiotic-resistance genes. In this study, the detection and characterization of gene cassettes revealed that aminoglycoside-resistance determinants (aacC, aadA1 and aadA2), a b-lactam-resistance determinant (blaP1) and a trimethoprim-resistance determinant (dfr2a) were prevalent among A. pyogenes isolates. The detection rates of class 1 integrons in A. pyogenes from forest musk deer (this study) and in dairy cows (Liu et al., 2009) were higher than in some E. coli (Chang et al., 2000) , demonstrating that Gram-positive bacteria can also have a high detection rate of integrons. Antimicrobial susceptibility tests confirmed that the resistant genes in integrons contributed to the bacterial resistance, but the relevance of the genotypic results with the phenotypic results was not perfectly matched in this study: 60.7 % (17/28) of A. pyogenes isolates were resistant to aminoglycoside antibiotics (determined by MICs) and the total detection rate of aacC, aadA1 and aadA2 was 57.1 %; however, whilst 67.9 % (19/ 28) of the isolates were resistant to b-lactam antibiotics, the detection rate of the blaP1 gene was only 28.6 %, and whilst 46.4 % (13/28) of isolates were resistant to trimethoprim, the detection rate of the dfr2a gene was only 21.4 % (Tables 3  and 4 ). Gene cassette assemblies of aadA1+orfE+blaP1, aadA1+dfr2a and aadA2+orfE+blaP1 were detected in 14 multi-resistant strains, which were correlated generally with their phenotypes (Table 4 ). As the class 2 intI gene was not detected, there were no class 2 integrons found in A. pyogenes in this study.
Not all of the bacteria possessed an intrinsically high resistance to antibiotics. Wild opportunistic pathogens with large genomes increase the colonial opportunity of diverse environments through metabolic versatility, which helps them to deal with the toxicity of compounds such as antibiotics or heavy metals (Danel et al., 1997) . Natural environments can represent reservoirs of drug-resistant genes when both commensal and pathogenic bacteria are challenged with high concentrations of antibiotics (Fluit & Schmitz, 1999) . Changes in these ecosystems are relevant for the emergence of previously unrecognized antibiotic-resistance genes that already exist but have been ignored (Davies, 1994; Martínez & Baquero, 2000) . Anthropogenic changes in the environment such as antibiotic concentration could enrich the population of resistant bacteria and facilitate the transfer of resistance genes (Martínez et al., 2007) . These emerging resistances cause the invalidation of older agents, resulting in an increased reliance on newer broad-spectrum agents as fluoroquinolones (Warren et al., 1999; Gupta et al., 2001; Johnson et al., 2003) . In Miyaluo Farm, there was resistance to common medications such as b-lactams, but although the A. pyogenes strains isolated are currently susceptible to fluoroquinolones, it will be necessary to establish a reasonable and long-term programme, such as combination therapy, to avoid the development of resistance to these antibiotics.
In summary, it was concluded that A. pyogenes may be the primary aetiological agent of abscess disease in forest musk deer, and a high percentage of the isolated strains were resistant to different types of antibiotic. There was a general concordance between antibiotic resistance and the presence of class 1 gene cassettes with the aadC, aaaA1, aaaA2, blaP1 and dfr2a genes in the isolates. The presence of these gene cassettes in the multi-resistant isolates indicates that integrons play an important role in the dissemination of antimicrobial resistance. 
Phenotype
Percentage resistance rates (no. of strains) aadA2 3.6 (1) SPT 21.4 (6) aacC 3.6 (1) GEN APR 17.9 (5) aadA1+ orfE+blaP1 10.7 (3) SPT AMK CFZ CTX 21.4 (6) aadA1+dfr2a
21.4 (6) SPT GEN KAN AMK TMP 25.0 (7) aadA2+orfE+blaP1 17.9 (5) GEN KAN AMK CFZ CTX 25.0 (7) 
